Twenty three patients with hemiballism and two with biballism were studied. Ischaemic and haemorrhagic strokes were the cause in most patients. Other causes were encephalitis, Sydenham's chorea, systemic lupus erythematosus, basal ganglia calcifications, non-ketotic hyperglycaemia, and tuberous sclerosis. Neuroimaging studies showed a lesion of the subthalamic nucleus in only six patients. In others, different subcortical structures were involved or the results were normal. Only two patients had "pure" hemiballism. The others had other types of dyskinesias, mainly chorea, which was present in 16 patients. The prognosis was usually good. (7 Neurol Neurosurg Psychiatry 1994;57:945-949) 
Hemiballism is a relatively rare hyperkinetic disorder, characterised by irregular, wide amplitude, vigorous movements of the limbs, primarily due to involuntary activity of the proximal limb and associated axial muscles.' Hemiballism was formerly thought to have a poor prognosis with inexorable progression to death within weeks or months, but recent studies have reported a high likelihood of survival and even spontaneous recovery. [2] [3] [4] [5] This can be particularly applied to a vascular aetiology of hemiballism. 5 The most consistent neuropathological finding in hemiballism is a lesion of the contralateral subthalamic nucleus, usually of vascular origin.67 High resolution neuroradiological imaging, however, provided evidence of associated lesions lying elsewhere in the brains of hemiballistic patients (globus pallidus, striatum, thalamus, cerebral cortex, internal capsule, etc). Hemiballism has an incidence in the order of 1 in 500 000 of the general population," which may explain the small series published. In 
Patients and methods
The study comprised 25 patients with ballistic movements diagnosed at the Department of Neurology UCC (Belgrade) from 1983 to 1992. They were all examined by the same neurologist (VK). The onset and mode of disease expression were appraised according to the patient's own statements, or, when this was impossible, from heteroanamnestic data. Other associated types of involuntary movements, neurological deficits, or other relevant clinical findings and information were precisely recorded.
The patients were classified according to the side and affected extremities, presence and nature of other dyskinesias, and to a probable cause of ballism. Degree of disability was rated as mild (rare abnormal movements, not causing functional disability), moderate (occasional functional disability), and severe (considerable functional disability).
Previous medical histories of other disorders and risk factors for cerebrovascular disease (diabetes mellitus, hypertension, hyperlipidaemia, etc) were cautiously revised. CT and MRI studies were obtained whenever possible. Blood counts, thyroid function, serum calcium, potassium, and magnesium, liver and renal function tests, lupus erythematosus test, immunoglobulin concentrations and complement activity in serum, detection of immune complexes and some organ specific autoantibodies were regularly measured. Examination of CSF, including isoelectric focusing with immunofixation for the detection of oligoclonal bands, was conducted in 10 patients. The likely cause of the disorder could be clearly determined in most patients. Stroke was considered as a causal factor despite normal brain imaging studies if the course of the disease and other clinical and laboratory findings indicated so ("assumed stroke").
The patients were regularly followed up at three to six month intervals for between nine months and eight years (mean 2-4 years). The emphasis was on any change in expression of involuntary movements related to any change in their medication.
Results
In 25 patients (seven males and eighteen females) the mean age at onset of ballistic movements was 58-9 (range 15-80) years. The time lapse between the onset of first symptoms and admission to our department varied from a few hours to five months. Two Vidakovic, Draga §evic, Kostic patients had bilateral ballistic movements from the beginning of the disease (patient 4 with encephalitis and patient 23 with systemic lupus erythematosus). In others, the right side was slightly more often affected (13 cases) than the left (10 cases). An arm and leg were simultaneously involved in 19 patients, whereas in five only the arm was affected. One patient (patient 1) had only ballistic movements of the leg (table 1) . Only two patients had "pure" hemiballism (table 1) , without other types of involuntary movements. Ipsilateral hemichorea was associated with hemiballism in 16 patients, whereas facial and oromandibular-lingual dyskinesias, occasionally impairing speech and deglutition, were found in 11 patients. Nine patients had periodic, prolonged dystonic postures, usually of the head and trunk. Two patients developed parkinsonism. Patient 4, with encephalitis, developed postural instability, bradykinesia, and mild rigidity after ballistic movements subsided, but, except for persistence of slight postural instability, they disappeared in four months; this patient was treated with haloperidol, which might have provoked the parkinsonian signs. In patient 7, after a latency of two years, hemiparkinsonism was expressed on the opposite side to the initial hemiballism. Patient 21 was diagnosed initially as having left hemiparkinsonism with subsequent generalisation in the course of one year, three years before manifestation of the left sided hemiballism. During the follow up for hemiballism, parkinsonian symptoms were thereafter reported only on the right side of her body.
Involuntary movements caused severe disability in 17 patients (68%; table 1). Associated pyramidal weakness was registered ipsilaterally in nine patients and contralaterally in three. Hypotonia of the affected limbs was reported in four cases and hemihypaesthesia in three.
Ischaemic stroke was identified as a cause of abnormal movements in 10 patients (table  2) , whereas in another six we considered stroke as a likely cause ("assumed stroke"). The average age at onset in this group was 62 (range 19-80) years. In patients 11 and 25 massive haemorrhage was found in diencephalic regions. In patient 18 hemiballism was the clinical manifestation of two transient ischaemic attacks, with durations of 45 and 100 minutes. Patients 17 experienced several such attacks before the abrupt onset of ballistic movements. Patients 20 had already had four episodes of hemiballism on the same side of the body during the five year follow up. Ballistic movements in this group began abruptly in 15 patients. In the remaining four they progressivelly worsened over a period of 10 days to 2-5 months. Diabetes mellitus was found in seven patients (five of them were insulin dependent), and 12 patients had arterial hypertension. Other risk factors included absolute arrhythmia in four and hyperlipidaemia in three patients.
Other causes identified in six patients (24%) were encephalitis, Sydenham's chorea, systemic lupus erythematosus, tuberous sclerosis, non-ketotic hyperglycaemia, and multiple punctiform calcifications of basal ganglia. The mean age at onset in this group was (range 15-65) years (table 2). The young female patient with Sydenham's chorea (patient 15) had her third episode of ballistic movements-the first being during childhood and the second during pregnancy-eight years before admission to our Department. All patients in this group had an insidious onset of ballism (except the patient with systemic lupus erythematosus), with gradual progression over a period from two days to one month.
Studies with CT or MRI were performed in 22 patients. A contralateral lesion of the subthalamic nucleus was an isolated finding in one patient (patient 6). Simultaneous lesions of the subthalamic nucleus and other parts of the CNS (basal ganglia, pons, midbrain) were reported in five more patients (table 2) . Different basal ganglia lesions were found in five patients and isolated thalamic haemor- 16 Moreover, the neuroimaging studies were normal in seven cases (28%), although the possibility that small lacunar infarcts in the subthalamic nucleus or other parts of the basal ganglia might have escaped detection could not be ruled out. 8 In two patients MRI indicated multiple lacunar infarcts dispersed throughout the brain, involving also the region of the basal ganglia and subthalamic nucleus. A pathophysiological explanation for hemiballism due to the subthalamic nucleus lesion proposed the loss of an excitatory subthalamic influence on the internal segment of the globus pallidus.1 17 Cases with hemiballism were more often associated with a lesion that affected the afferent and efferent pathways of the subthalamic nucleus, or its projection areas, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] as well as the striatum,920-22 thalamus,623 and the cerebral cortex.24 Our finding of contralateral or bilateral lesions of basal ganglia in five, and a thalamic lesion in one patient are in concert with these reports. It is, however, impossible to exclude the possibility that the subthalamic nucleus was involved as well as the mentioned areas, on the basis of neuroimaging studies only. Hyland and Forman23 postulated that lesions sparing the subthalamic nucleus but possibly involving its afferent pathways might give a better chance for spontaneous remission of ballistic movements, and Lang9 suggested that lesions outside the subthalamic nucleus, possibly affecting the striatum, could negatively interfere with the adaptation mechanisms important for the spontaneous resolution of the ballistic movements. In our patients with persistent hemiballism no striatal pathology was seen on CT ( The mean age at onset of hemiballism varied depending on the underlying aetiology, being between 64 and 75 years in the studies where in all or most cases the cause of hemiballism was stroke.236 In the group of Dewey and Jankovic,5 where about half of the patients had aetiological factors other than stroke, the mean age at onset was much lower (48 years). Our data give a mean value between these two (58-9 years), although we also found considerable difference between the patients with hemiballism due to stroke (66-9 years) and those with other aetiological factors (33-8 years; tables 1 and 2). In two cases bilateral ballism (biballism) was found. Biballism is extremely rare; Shannon' reviewed fewer than 20 cases in the literature, due to multiple sclerosis, basal ganglia calcification, systemic lupus erythematosus (as in patient 23), bilateral haemorrhage in the basal ganglia, as familial bilateral ballism, and phenytoin intoxication, whereas we report our case with encephalitis (patient 4).
We found only two cases of "pure" hemiballism, without the presence of other kinds of abnormal movements, whereas 16 patients (64%) had associated ballistic and choreic movements, which is in accordance with the recent data of Dewey and Jankovic.5 Moreover, after spontaneous or drug induced cessation of ballistic movements, chorea persisted in seven patients, suggesting that these two types of involuntary movements represent "a spectrum of the same basic disease "5 processes".
An especially intriguing finding was the clinical relation of parkinsonism and hemiballism in patient 21. The diagnosis of Parkinson's disease was established three years before the occurrence of hemiballism on the same side as the initial parkinsonian signs. After the cessation of ballistic movements parkinsonian signs were repeatedly reported only on the contralateral side, whereas they disappeared on the side affected by hemiballism. Sellal et a147 recently described a man with Parkinson's disease who suddenly developed left hemiballism due to a haematoma of the right subthalamic nucleus. After the ballistic movements had disappeared, akinesia and the other parkinsonian signs did not reappear on the left, providing clinical evidence for the suggested pivotal role of overactivity of the subthalamic nucleus in Parkinson's disease. [48] [49] [50] The CT findings in our patient, however, showed a right basal ganglia infarct without selective involvement of the subthalamic nucleus, implicating different mechanisms in the control of parkinsonian signs.
The prognosis of our patients was good, with complete recovery in nine; in seven more patients the abolishment of ballistic movements was accompanied by persistent but functionally irrelevant chorea. Three patients died. Hence, our experience favoured the statement that good prognosis in hemiballism is an expected outcome rather than the exception. ' 
